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The mechanism by which a hypo-osmotic shock activates motility of carp spermatozoa was studied. The direct role of osmolality at the axoneme was investigated after demembranation of spermatozoa with Triton X-100 and reactivation in various ionic or (Cosson et al, 1989; Gatti et al, 1990; Omoto, 1991, 1992; Tanimoto et al, 1994) , due to a decrease in the concentration of extracellular + (Morisawa et al, 1983a; Stoss, 1983; Tanimoto et al, 1994) . These membrane modifications induce intracellular changes in the cascade of second messengers such as cAMP, calcium, in pH, or in protein phosphorylation (Morisawa and Ishida, 1987; Cosson et al, 1989; Omoto, 1991, 1992) which then lead to activation of axonemal movement.
Ionic effects at the plasma membrane are not the universal triggering agent of fish sperm motility. An alternative regula¬ tion mechanism involves osmotic variation in the environment.
Spermatozoa of the marine puffer fish are quiescent in their seminal plasma (around 300 mOsm kg~l ) and become motile when there is an increase in the osmolality of the surrounding medium (1200 mOsm kg" ) (Oda and Morisawa, 1993 (Billard, 1978; Morisawa et al, 1983b; Perchée et al, 1996) . It was suggested that the osmotic shock modifies membrane permeability and organiza¬ tion of the lipid bilayer (Marian et al, 1993) . Other results suggest that an efflux of K+ ions through K+ channels is involved in the activation (Krasznai et al, 1995) and the decrease in the intracellular + concentration may trigger the activation of spermatozoa of freshwater zebrafish (Takai and Morisawa, 1995) .
Taken together, these observations indicate that the mech¬ anism for activating carp spermatozoa is still poorly under¬ stood compared with the ionic mechanism described for trout spermatozoa. More information about the osmotic response is available on cellular types like erythrocytes (Lauf, 1982;  Dickman and Goldstein, 1990) , plant cells, bacteria (Csonka, 1989) and yeast (Hosono, 1992; Berner and Gervais, 1994 
Demembranation and reactivation of spermatozoa
The reactivated spermatozoa were prepared after a two-step dilution procedure adapted from Cosson and Gagnon (1988 Stein, 1994 ) had no effect on carp spermatozoa either in a high or in a low osmolality medium. The inhibitors of anion-water co-transport, 4-4'-diisothiocyanato-stilbene-2,2'-disulfonic acid (DIDS), which was tested in human erythrocytes (Blank et al, 1994 ) and 4-acetamido-4-isothiocyano-stilbene-2-2'-disulfonic acid (SITS) in human neutrophils (Korchak et al, 1980) (1983b) .
Carp spermatozoa can be demembranated by Triton X-100, which allows the axonemal machinery to come directly into contact with the external environment (Cosson and Gagnon, 1988 Golstein, 1990) , yeast (Berner and Gervais, 1994) and mammalian spermatozoa (Crichton et al, 1994) (Curry et al, 1995; Liu et al, 1995) . Moreover, in contrast to erythrocytes (Lauf, 1982) or to bacteria (Csonka, 1989) (Nelson, 1982; Gatti and Christen, 1985) .
Manipulating the membrane potential with TPP has no effect on carp sperm motility. However, ions (Christen et al, 1982) . Moreover, carp sperm motility can be initiated in a similar way in media of pH 6.0-9.0 (Redondo-Miiller et al, 1991) . Similarly, it has been shown that changing the external pH value induces a change in the intracellular pH of boar, ram and trout spermatozoa (Gatti et al, 1990 (Gatti et al, , 1993 (Gatti et al, 1990; Boitano and Omoto, 1991) .
The addition of IBMX, a phosphodiesterase inhibitor, does not stimulate carp sperm motility, in contrast to its effect on bovine spermatozoa (Schoff and First, 1995) . As for intracellular pH, cAMP does not seem to be a second messenger able to trigger carp sperm motility, in contrast to its role in trout spermatozoa (Morisawa and Okuno, 1982) . Other experiments support this finding since the reactivation of demembranated carp sperma¬ tozoa using Mg-ATP does not require the addition of cAMP (Cosson and Gagnon, 1988) . Moreover, it has been shown that intracellular concentrations of cAMP and Ca increase in intact trout spermatozoa after activation; both compounds are necessary in the demembranation-reactivation experiment with trout spermatozoa which is not the case for carp spermatozoa (Morisawa and Ishida, 1987; Cosson et al, 1989; Boitano and Omoto, 1991 (Cognie et al, 1989) . DMSO relieves the inhibition of movement due to the high osmolality (300-400 mOsm kg~) of medium 1. In the same way, DMSO has been shown to enhance the motility of sea urchin spermatozoa (Steinbach, 1966 (Opsahl and Webb, 1994) , which are highly sensitive to membrane tension or pressure and which modify the activity of certain membrane proteins (Vandorpe et al, 1994) , could be involved in the activation. Gadolinium, which has no effect on motility and which inhibits stretch-activated channels, is not totally specific for these channels (Sachs and Sokabe, 1990) , and the use of patch clamps on carp spermatozoa, as described for sea urchin spermatozoa (Darzon et al, 1987) 
